Traumatic brain injury (TBI) is a major cause of long-term disability in the developed world.
Traumatic brain injury (TBI) is a major cause of long-term disability in the developed world. 1 TBI is associated with abnormalities in neuropsychological function, with particular deficits in working memory and attention. Perhaps surprisingly, the proportion of patients with long-term cognitive problems is largely independent of injury severity, 2 but there are opposing opinions on the extent to which these deficits recover over time, particularly in the more mildly injured patient. Some reports show ongoing problems at 12 months, 3 while others suggest that a complex interaction of neurobiological, psychosocial, and legal factors may obscure the true level of cognitive disability. 4 One reason for the continuing discussion of how brain injury affects cognitive function has been the difficulty in visualizing the true extent of CNS damage. While CT and MRI can depict acute focal injury, conventional imaging is relatively insensitive to diffuse injury, resulting in only weak correlations between imaging findings and cognitive performance. 5 Recent developments in MRI have, however, provided tools to identify diffuse injury and to measure injury-related changes in brain activity. Diffusion tensor imaging (DTI) provides insight into tissue microstructure by measuring the interaction between water diffusion and the boundaries to diffusion presented by cell membranes, particularly in myelinated axons. DTI is sensitive to diffusion orientation, provides exquisite images of white matter structure, and hence has an obvious role in TBI, where the white matter tracts are known to undergo stretching and shearing forces during blunt traumatic injury. The cortical brain networks involved in performance of specific cognitive tasks can be identified using fMRI, but recently much interest has focused on the socalled resting state networks that reveal spatial patterns of synchronous activity throughout the brain. 6 One such network comprising the medial prefrontal, posterior cingulate, and inferior parietal cortices together with the hippocampal formation is active during rest or internally focused activity and deactivates when attending to externally derived tasks. 7 The activity in this so-called default mode network (DMN) therefore relates to attentional processing-a domain where TBI patients show consistent deficits. Together these MRI methods provide novel tools to measure the relationship among global tissue injury, damage to the white matter tracts, and alterations in both resting state and task-based brain network activity.
In this issue of Neurology ® , Palacios et al. 8 report a combined DTI and fMRI study into the underlying neurobiological correlates of chronic cognitive dysfunction following severe TBI. By combining the 2 MRI techniques in the same subjects, this study shows how injury to the white matter tracts relates to cortical network activity during a working memory task. Poor performance is correlated with reduced activity in those cortical areas that form the memory network and also with less deactivation of the DMN. The ability to deactivate the DMN is considered essential for attentional processing and these findings suggest a network-related basis for the attentional deficits seen post-TBI. Further, by overlaying findings from the DTI and fMRI studies, Palacios et al. show that these patients have damage to the fasciculi (superior longitudinal, inferior longitudinal, inferior fronto-occipital fasciculi, and corpus callosum) that connect the distributed cortical areas of the memory network. 8 It is clear from these findings that longterm working memory problems following severe TBI are rooted in a true neurobiological basis that can be measured directly by MRI.
The field of TBI imaging research is often hampered by the assertion that every patient has a different injury, making the population highly heterogeneous and hence difficult to study. While heterogeneity is clearly a feature of these patients and does lead to wide variation in size and distribution of focal brain lesions, these, and other studies using DTI following trauma, 8 -10 show strong consistency in diffuse white matter damage. It is clear that further development of these advanced imaging techniques holds tremendous promise for identification of patients with diffuse injury in regions subserving cognitive dysfunction. These current studies help to establish the base from which to improve our understanding of cognitive deficits in TBI. However, Palacios et al.
(and others in the field) have generally focused on severely injured TBI patients with known cognitive deficits, which represent Ͻ5% of all TBI patients. The findings at this chronic postinjury time point are most likely indicative of permanent damage and deficits. To move forward we must now expand these investigations into the wider TBI population and into the acute postinjury phase, when findings in the individual could play an essential role in clinical management and provision of rehabilitation to those individuals who otherwise might become part of the expanding silent epidemic of TBI.
